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Abstract: In this article, a triple-band patch antenna 
using a circular patch microstrip antenna is constructed 
with a low-profile patch antenna using a 1.5 mm thick 
FR4 substrate (εr= 4.3). As mobile devices like 
smartphones and laptops become more common, the 
usage of tiny, triple-band antennas has also become 
more common. The objective of this research is to design 
a circular patch antenna with a 3–11 GHz dipole-like 
radiation pattern, which may be used for industrial, 
scientific, and medical reasons. For the suggested triple-
band antenna design, the slotted radiator with six arches 
and the reduction of the ground plane are among the 
components. In addition, the standard 50 Ω RF 
transmission line stimulates the patch antenna; this 
transmission line is attached to the microstrip line by an 
impedance-compliant SMA connection. Data from the 
experiments are obtained, evaluated, and compared; to 
the patch's surface current distributions, gain, and 
radiation patterns. According to the measurements, S11 
has an impedance bandwidth in the 5.5 GHz band of less 
than -10 dB, 6.6 GHz band, and 10.4 GHz band at all 
frequencies. The superb radiation pattern performance, 
relatively consistent gain throughout the bands, and 
practical bandwidths of this antenna make it a good 
choice for C-band and dual X-band applications. 

Keywords: Triple-band; line feed; gain; microstrip 

antenna; slit; slot 

1. Introduction 

Modern portable wireless communication 

devices that enable several services running in 

different frequency bands rely on triple-band 

antennas as a vital component. [1-5]. Portable 

communication devices must adhere to certain 

specifications regarding size, efficiency, and 

power consumption [1]. To achieve this, both 

the transmitter and receiver end employ planar 

and low-profile patch antennas to send and 

receive electrometric radiations [6].  

At the design frequency, the height of a low-

profile antenna in the open area is less than one-

tenth of a wavelength [7, 8]. Patch antennas are 

sometimes referred to as low-profile antennas 

[9, 10]. The key benefits of patch antennas are 

low manufacturing costs, conformability, low 

profile, and the ability to operate over a broad 

variety of frequency bands in harsh 

environments [11-13]. Due to the propagation of 

surface waves inside a substrate, their 

shortcomings include a lack of efficiency [14]. 

Radiating patches may be square, elliptical, 

circular, triangular, or any combination of these 

shapes [15, 16]. Each design has a unique 

combination of advantages and disadvantages to 

take into account. To activate the radiating 

patch, several feeding techniques—including a 
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probe, microstrip, aperture, and proximity 

connected—are combined. [17,18]. The most 

popular methods are the probe and microstrip 

feed systems [19]. 

IEEE 52 ones are used to power the antennae. 

The proximity-linked feed approach provides 

the highest bandwidth at the expense of a more 

complex architecture [20, 21]. 

The strength and bandwidth of the microstrip 

patch antenna are constrained, which are two of 

its key drawbacks. In addition, these qualities 

are being improved in a variety of ways, 

including the following: (i) A vast number of 

patch antennas arranged in an array; (ii) 

increasing the thickness of the substrate; (iii) 

Impedance matching is improved by using short 

pins, plates, and pots; (iv) utilizing substrates 

with high permittivity; (v) modifying the 

fundamental patch form; (vi) using multiple 

layers of substrates, and (vii) incorporating 

metamaterials (MTM) are all examples of novel 

approaches [22]. 

This article suggests a slotted, semicircular 

patch antenna that is supplied by a microstrip. 

The substrate comprises a thicker FR4 material 

that measures 1.5 mm in thickness, as opposed 

to the previous material. his article suggests a 

slotted, semicircular patch antenna that is 

supplied by a microstrip. The substrate 

comprises a thicker FR4 material that measures 

1.5 mm in thickness, as opposed to the previous 

material. Increases in permittivity result in a 

narrowing of the bandwidth when the substrate's 

thickness and the dielectric constant have 

changed, resulting in altered behavior and 

operation of the antenna. The antenna is capable 

of supporting three distinct frequency bands, 

which are extensively utilized for popular 

communication services such as C-band and 

dual X-band, respectively. As a result of the 

patch antenna's many slots, it can operate on 

three bands despite being much smaller in 

overall size than a standard rectangular 

"microstrip patch antenna. CST Studio suite 

software" is used to conduct the simulations. 

The antenna is capable of supporting three 

distinct frequency bands, which are extensively 

utilized for popular communication services 

such as C-band and dual X-band, respectively. 

As a result of the patch antenna's many slots, it 

can operate on three bands despite being much 

smaller in overall size than a standard 

rectangular "microstrip patch antenna. CST 

Studio suite software" is used to conduct the 

simulations. 

2. Parameter Study 

The proposed design takes its core construction 

component (radiating element) from a multi-

band reference semicircular slotted patch 

antenna, which serves as a model for the 

proposed design. 

The antenna parameters were calculated using a 

typical antenna equation. Additionally, the 

settings are optimized to provide optimal multi-

band results. The selection of the substrate 

fabric is critical for the architecture of the 

microstrip antenna. The higher the substrate 

thickness, the wider the bandwidth of the 

antenna. Increased substrate thickness decreases 

the wave surface, hence increasing the 

bandwidth. However, the patch’s enhanced 

bandwidth might be attributable to floor waves 

or spurious radiation. As a result, substrate 

selection is critical when considering antenna 

arrangement [23, 24]. 



Journal of Engineering and Sustainable Development (Vol. 28, No. 01, January 2024)                       ISSN 2520-0917 

67 

 

 

Figure 1. The Triple-Band Antenna's Design 

 

Fig. 1 depicts the proposed antenna form for 
“Triple-Band applications such as C-band and 

dual X-band”. Table 1 displays the size of the 

antenna and the crescent-shaped patch. On an 

FR4 substrate, the antenna measures 

(20x22x1.5) mm3 and has a relative permittivity 

 ( 𝜀𝑟) of 4.3. CST creates a model of the 

required form. The width and length of the 

antenna may be determined using circular patch 

design equations.  

𝑓𝑟 =
1.8412𝑐

4𝜋𝑏𝑒√𝜀𝑟
                                                     (1) 

𝑏𝑒 = 𝑏 (√1 +
2𝑡

𝜋𝑏𝜀𝑟
[𝑙𝑛 (

𝜋𝑏

2𝑡
+ 1.7726)])        (2)      

Using a metallic patch to slit it, as seen in Fig. 2 

(a,b,c), leads to a current channel that is 

significantly longer for a given patch linear 

dimension. Consequently, reduced greatly is the 

antenna's fundamental resonant frequency, 

allowing for significant reductions in antenna 

area while maintaining a steady operating 

frequency. In the resonant or excitation 

direction of the antenna, the resonance 

frequency is drastically decreased as a 

consequence of the patch surface current 

channels being bent, with no lateral current 

components being generated as a result. 

A simulated current distribution across the patch 

shows how the designed circular slit-cut patch 

antenna functions, with darker areas denoting 

higher intensities. Due to the circular patch's 

slits extending the present path, two more 

resonances are identified. The resonance 

frequencies of the extra band may be calculated. 

 

 (a) Surface current at 4.9 GHz 

 
 (b) Surface current at 7.7 GHz 

 

 
 (c) Surface current at 9.2 GHz 

 

Figure 2. Surface current at 4.9 GHz, 7.7 GHz, and 9.2 

GHz 

 

Table 1. “Dimensions (mm) of the proposed antenna 

Value (mm)” Symbol parameter 

22 Wg Width of the ground 

8 Lg Length of the ground 

22 Ws Width of the substrate 

20 Ls Length of the substrate 

3.1 Wf Width of the feed 

10 Lf Length of the feed 

9 R1 Circular radios 1 

7.8 R2 Circular radios 2 

6.6 R3 Circular radios 3 

5.4 R4 Circular radios 4 

4.2 R5 Circular radios 5 

3 R6 Circular radios 6 
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3. Effect of Using Different Substrate 

Materials 

The height of the substrate (h), loss tangent 

(tanδ), dielectric relative constant ( 𝜀
𝑟
), and width of 

the feed line (wf), which are all calculated at 50 

ohms, are the main factors affecting changes in 

bandwidth and surface waves [20-23]. 

𝑤𝑓

ℎ
=

2

𝜋
[𝐵 − 1 − 𝑙𝑛(2𝐵 − 1) +

𝜀𝑟−1

2𝜀𝑟
{𝑙𝑛(𝐵 −

1) + 0.39
0.61

𝜀𝑟
}]                                                         (3)      

   

Where    𝐵 =
377𝜋

3𝑍𝜊√𝜀𝑟
                                  (4)                                                                          

The equation displays the effective dielectric 

constant (εeff) : 

𝜀reff  =
εr+1

2
+

εr−1

2
 (1 + 12

h

w
)

−1
2⁄             (5) 

Since the waves are transmitted via the substrate 

and the air, the antenna's diameter is used to 

calculate the causative effects and the degree of 

fringing.  

The CST software program has been used to 

study and develop a range of dielectric relative 

constants  ( 𝜀𝑟) and thicknesses for a set of 

materials. The operation and behavior of “the 

antenna, as well as its effects on variations in 

substrate thickness and dielectric constant, have 

all been studied. Increases in  ( 𝜀𝑟) result in a 

narrowing of the bandwidth, an increase in 

permittivity”, a rise in (S11) to a certain point 

before it starts to decline due to resonance peaks 

and less than the value at the first peak, and an 

increase in thickness. Fringing is increased by 

the substrate, which lowers operating frequency 

and gain. Furthermore, as indicated in Table 2, 

changing the material patch at various material 

types increased the gain and bandwidth constant 

Due to their comparable dielectric constants, 

Arlon AD1000 (  𝜀𝑟= 10.2), Arlon AD450 (  𝜀𝑟= 

4.5), and FR4 (  𝜀𝑟= 4.3) are frequently used as 

substitutes for FR4. In situations when higher 

frequencies and the possibility for improved 

fidelity with a wideband signal exceed the 

performance given, the AD1000 can be utilized 

in place of FR-4. 

However, the manufacture of FR4 panels is 

extremely inexpensive compared to the other 

materials, resulting in reduced manufacturing 

costs overall. Due to the unavailability of Arlon 

AD1000 (  𝜀𝑟= 10.2), Arlon AD450 (  𝜀𝑟= 4.5), 

FR4 was employed. The S11 curves are 

illustrated in Fig. 3 by altering the substrate 

materials while maintaining the copper cladding 

material constant. Arlon AD1000 was 

determined to be the optimal substrate material 

since it exhibits three circular polarized bands 

inside the curve. 

Table 2. Gain and reflection coefficient at various 

frequencies for different materials 

   
 

Gain S11 
Frequency  

Bandwidth 

(GHz) 
Material 

1.7 -13 4.9 FR4 

2.5 -28 7.7 FR4 

3.2 -11 9.2 FR4 

2.1 -28 5.5 Arlon AD 450 

2.5 -21 6.5 Arlon AD 450 

3.1 -31 10.4 Arlon AD 450 

3 -20 5.5 Arlon AD 1000 

3.7 -37 6.6 Arlon AD 1000 

3.3 -28 10.4 Arlon AD 1000 
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(a) S11 for FR4 substrate 

 

(b) S11 for Arlon AD 450 substrate 

 

(c) S11 for Arlon AD 1000 substrate 

Figure 3. S11 for FR4, Arlon AD 450 and Arlon AD 1000 substrate 

 

Fig. 4 (a,b,c), illustrates the gain of the antenna.  
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(a) Gain for FR4 substrate 

 

(b) Gain for Arlon AD 450 substrate 

 

 

(c) Gain for Arlon AD 1000 substrate 

Figure 4. Gain for FR4, Arlon AD 450 and Arlon AD 1000 substrate 

 

4. Results and discussion 

The findings are generated after modeling the 

triple-band antenna. The intended geometry was 

modeled using CST. 

The line-to-load mismatch (defined as the ratio 

of maximum voltage to minimum voltage or 

current at any given time) Fig. 5 depicts the 

voltage standing wave ratio (VSWR). 
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Figure 5. Voltage standing wave ratio at 4.9 GHz, 7.7 GHz, and 9.2 GHz

The far-field broadband gain pattern for the 

proposed antenna is computed and represented 

in Fig. 6 as 3.19 dBi, 4.43 dBi, and 4.58 dBi for 

4.9 GHz, 7.7 GHz, and 9.2 GHz frequencies, 

respectively. 

 

 
(a) Farfield at 4.9 GHz 

 

 
(b) Farfield at 7.7 GHz 

 

 
(c) Farfield at 9.2 GHz 

Figure 6. Farfield at 4.9 GHz, 7.7 GHz and 9.2 GHz 
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The antenna has two orthogonal linear 

polarizations in each of its two planes, allowing  

for the observation of almost omnidirectional 

patterns with good separation in both axes (X 

and Y) as shown in Fig. 7. 

 

 
(a) The real impedance value at 4.9 GHz, 7.7 GHz, and 9.2 GHz 

 
(b) The imaginary impedance value at 4.9 GHz, 7.7 GHz, and 9.2 GHz 

Figure 7. The real impedance value and the imaginary impedance value at 4.9 GHz, 7.7 GHz, and 9.2 GHz 

 

 5. Conclusions 

This study has been conducted to better 

understand how antenna behavior and operation 

affect substrate thickness variation and 

dielectric constant. It is concluded that increases 

in  ( 𝜀𝑟) cause the bandwidth to be narrower. In 

addition, an increase in permittivity leads to a 

rise (S11) to a certain amount, then begins to 

drop owing to resonance peaks. Furthermore, it 

increases thickness and becomes less than the 

original peak value. The size of the suggested 

antenna may be decreased by fabricating it from 

a different substrate material. The triple-band C-

band and dual-band X-band antennas were 

developed and successfully simulated using the 

CST studio suite software. The substrate 

enhances fringing, lowering the operating 

frequency and decreasing gain. Varying material 

patches have been studied in a variety of 

material types. The multi-band antenna that 

resulted was discovered to resonate at 4.9 GHz, 

7.7 GHz, and 9.2 GHz. The results were found 

to apply to C- and X-band applications.  
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